In this paper, the lift distribution of the wing after distributed propeller is studied. Using a high efficient hybrid fast calculation method (BVP), we can calculate a lot of different states to analyze the influence of distributed propeller on the wing lift distribution.
Leading Edge Asynchronous Propellers Technology ( LEAPTech ) [1, 2, 3, 4] shows great potential in many aspects, such as, blowing the wing during takeoff and landing; also could be used to change the surface lift distribution of the wing and so on. It is useful to change the wing lift distribution, which can provide a solution to the problem of flexible wing deformation. But how to change it? Because of the limitation of computational resources and time, most of the current research is focused on synchronous propellers' aerodynamic performance, and not very concerned about the changes in lift distribution on wing. Therefore, the purpose of this paper is to investigate the effects of the asynchronous propeller on the lift distribution of the wing by a rapid method.
Numerical methods
The RANS method is used to simulate the interaction between propeller and airfoil with high accuracy, and more flow field information can also be obtained. However, the object of this paper is the interference between the distributed propellers and wing. Using the RANS method to calculate the individual rotating components consumes a lot of computing time, not to mention the multi-propeller layout studied in this paper, so we must adopt a more efficient calculation method.The panel method can simulate the disturbance of propeller and wing. But for multi propeller layout, the panel method is used to cal-culate the propeller,there will be a lot of helical wake element need to be calculated, which makes the calculation efficiency decrease, although the calculation takes less time than RANS, but still is not conducive to the early design.For example, if the number of wings' elements is l, there are m propellers, and the number of the wakes' elements of each propeller is n, and the number of iterations becomes l · m · n times. Obviously, for the multi-propeller layout of this paper, it is not suitable to adopt the panel method to calculate the propeller and the wing directly. Therefore, a more efficient hybrid method( BVP ) is used in this paper: the wing is calculated by the Panel method, the propeller is calculated by the Blade Element Momentum theory(BEM), and the interference between the propeller and the wing is calculated by the Vortex theory, in which the vortex theory input is circulation which are obtained from the BEM. It avoids a lot of wake calculation, thus greatly improving the computational efficiency. Low-order methods are clearly faster and cheaper to operate, and more importantly, low-order elements are more accurate for the same run time [5] . What's more, in this paper, the model calculates the flight speed is low, in the incompressible state, loworder panel method is sufficient.
Methods
In order to solve the problem of unsteady motion, two coordinate systems are applied, one is fixed on the ground coordinate system (Inertial frame of reference), a coordinate system with the movement of the body (Body-fixed frame of reference) as shown in Fig.1 .Therefore, boundary condition has to take into account the transformed velocity ν. and thus becomes: 
Detailed calculation process can refer to bibliography [5] .
(2) Blade Element Momentum Theory ( BEM )
This paper uses an improved method based on the BEM for propeller aerodynamic characteristics calculation. The method used in this paper refers to the solution in bibliography [6] : a hypothesis is introduced, assuming that the resultant velocity induced by the propeller at the disk is perpendicular to the actual velocity of the blade element, the calculation results show that this assumption does not result in more errors, but also improves the computational robustness and computational efficiency. The detailed equation can be found in bibliography [7] . A simpler model [8] has been modelled to estimate the overall induced effects in this paper. In this model, the helicoidal vortex sheets are replaced by two continuous distributions of vorticity, the axial vorticity and the tangential vorticity, as shown in Fig.2 .
The detailed equation can be found in bibliography [8] . The specific calculation shows that the effect of the disk on the rear is very small, and the induced speed is 10 −16 orders of magnitude, so it is neglected in this paper.
Propeller/Wing Interaction Calculation Method
In this paper, it is believed that the interference between the propeller and the wing is achieved by Another propeller model, which the freestream velocity is 30m/s is used in this section. Fig.7a shows the comparison of the axial and tangential velocities calculated by the vortex theory with RANS simulation.
Results and analysis
In this paper, the key factors such as the number of propeller, the position of the installation, the rotating speed and the rorating direction of the propeller were studied. The rotation direction of the propeller is defined in this paper: observed from the rear of the wing, clockwise rotation is '-'. The counter clockwise rotation is '+'.
Influence of number of propeller
When the aircraft is in flight, the thrust and drag balance needs to be ensured. In this case, the required thrust can be provided by a small num- Table 1 The total thrust of the four cases is about 40N. The calculated results are as follows:
From the results in the Table 2 , it can be seen that increasing the number of propellers reduces the total power requirement and the lift does not decrease when the number of propellers is within a certain amount, which means that the distributed propeller can achieve the purpose of reducing the energy consumption of flight. But it can be seen from the table that, when the number of propellers continues to be increased, the power will gradually increase. It also means that as the propeller layout increases with the number of propellers, the propeller size needs to be smaller, which may result in less energy consumption.
The distribution of the lift in these four cases is shown in the Fig.8 .
It can be seen that the propeller obviously changed the span-wise lift distribution of the wing. In case1-case4, the lift in the lift distribution near the root of the wing showed a pit in the lift due to the axial acceleration and upwash of the propeller is not obvious in this area, making the lift drop.
Influence of spanwise position
For aircraft with large aspect ratio, the spanning dimension is very large relative to the chord direction. Therefore, there are many possibilities for the propeller's mounting position. How can the installation get the most benefit? This section has been studied in this section, which is also carried out under the premise that the total thrust is about 40N.
Case5-case8: the propeller installation position moved to the wingtip corresponding tocase1-case4, while case9-case12 moved to the wing root, respectively.
It can be seen from the calculation results that when the propeller moves toward the wingtip, more lift augmentation will be obtained. On the contrary, the lift to the root of the wing will reduce the lift augmentation. Of course, this is related to the direction of rotation of the propeller, where the propellers rotate toward the wingtip (left wing propeller '+', right wing propeller '-'). This can be more clearly understood from the following: case13-case19(case20-case26) are the two propellers with 3600rpm(480rpm) gradually move to the wingtip: As can be seen from Table4 and Fig.10 , as the propeller moves toward the wingtip, the lift gradually increases. And from Fig. 11 , when the propeller's position moves outward, the upwash area of the propeller increases. Meanwhile, the influence of the propeller's down wash is also decreasing, which together leads to the larger lift. Of course, from Fig.10 , it can be seen that when the propeller is close, the lift appears relatively large. This may be due to the mutual influence of the propellers here, which may be a numerical problem and needs further verification.
Influence of vertical position
This section makes a simple study of the vertical position of the propeller installation, which is carried out in the case of the total thrust about 40N.
As can be seen from Table5 and Fig.12 , for any number of propeller configurations, when the vertical position of the propeller is moved forward along the Z axis, the lift will gradually increase. It can be seen from the figure, when the Z/R=0.75, the lift reached the maximum, and then with the vertical position to continue upward, the lift will slowly fall. This is mainly because the vertical position changes, changed the proportion of diversion in the upper and lower wing surface of propeller slipstream, with the vertical position of the large slip flow on the surface of the wing on the accelerating effect more obvious, and the maximum thrust of propeller is about 70%, so when the Z/R= 0.75, the acceleration effect of propeller slipstream most significantly, the lift becomes larger. With the further increase of the vertical position, the propeller slipstream deviated from the upper surface of the base, the accelerating effect of slipstream is not obvious, the lift will become smaller.
Influence of chordwise position
The impact of the propeller chord-mounted position on wing was studied in this section. In order to ensure comparability of results, the distance between the propeller and the wing at each chordwise position is 0.05c. The result is as follows:
As can be seen from Fig.13 , as the chord position moves towards the trailing edge of the wing gradually, the lift of the wing first increases slowly. When the position reaches ∆X/c = 0.9, the lift reaches the maximum, and then the lift begins decline. This is mainly because the propeller is installed above the upper surface of the wing at this time, and the wing acts as a blocking effect on the slipstream of the propeller. Propeller washings and washings are not as pronounced as they were before. At this time, the leading role is the suction effect of the paddle, and as the chord of the propeller moves backward, the influence of the propeller suction and jet action on the wing gradually becomes larger and the lift force becomes larger. However, when the position continued backward, propeller wake acceleration began to weaken, lift began to decline.
It can be seen from the pressure distribution in Fig. 14 that the pressure distribution on the lower surface is basically unchanged compared with the case without a propeller, and the influence of the propeller is mainly concentrated on the upper surface of the wing. In addition, it can be seen that the suction near the propeller disk is obvious and the pressure on the upper surface near the disk is significantly reduced because of the acceleration of the air flow caused by suction.
Influence of rorating direction and speed
After a given propeller, the flow field behind the propeller is entirely determined by the rotation direction and speed of the propeller itself, so it is necessary to study the two factors correspondingly. Similarly, to make sure that the total thrust unchanged under the circumstances of this part of the study. Change the case of case1-case4 to case71-case74 (left wing propeller '-', right wing propeller '+') and case75-case78 (counterrorating).
From Table6, it can be seen that the lift augmentation obtained when the propellers all rotate toward the wingtip (left wing propeller '+', right wing propeller '-') is the highest, whereas the lift augmentation obtained when the propellers all rotate toward the wing-root(left wing propelle '-', right wing propeller '+') is the smallest.
The fundamental reason is that the direction of rotation of the propeller changes the size of the upper washing zone and the downwashing When the propeller turns into a counter-rotating mode, the propeller's interference will be more intense and the lift distribution will show more irregularities, as shown in Fig.15a . This also means that there is a possibility of achieving the purpose of controlling the wing load by changing the direction of rotation of the propeller.
Conclusions
(1) From the above results, it can be seen that there are many factors which can affect the wing load distribution. However, it is obvious that the installation position towards spanwise, rotation direction and speed of the propeller have the greatest impact on the wing load distribution, the chordwise and vertical positions only have a certain impact on the value of the lift, which do not fundamentally change the lift distribution towards wing spanwise;
(2) It can be seen from the calculation results in this paper that the propeller installed on the tip of the wing has a great influence on the aircraft. Therefore, it is considered that install a larger propeller at the tip of the wing while the aircraft design stage, it may provide required lift only by these two propellers, of course, it is also good for reducing the cruise drag; (3) From the calculation results of this paper, it is possible to attain the purpose of wing load control using distributed propeller. From the result, it can obtain a radically different spanwise lift distribution when changing the propeller rotation direction and speed , It can imagine that if the aircraft wing suffer from a upward sudden gust on the left side, the lift on the left wing becomes larger firstly and the airplane tends to roll to the right, which may bring about a series of troubles. At this time, if the propellers of the left wing change to rotate towards wing root, it may curb the lift increase of the left wing, that make the purpose of gust mitigation come true; (4) This paper is only a preliminary exploration of the possibility of distributed propeller on the wing load control, and does not involve the design of propeller and wing, so some of the conclusions in this paper are not optimal, and did not fully dig out the biggest advantages of the distributed layout, author may pay attention to this point in the future research.
